Selenium is widely distributed in nature in relatively small concentrations in rocks, plants, coal and other fossil fuels. Selenium compounds are extensively used in paints, dyes, glass, electricals, rubber and insecticides, and in many other industries. 1 The determination of selenium is of considerable interest because of its contrasting biological effects; selenium is a toxic element as well as a trace element for animals and humans.
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2 Its efficiency causes pulmonary edema, abdominal pain, jaundice, chronic gastrointestinal diseases, hair loss and fatigue in humans, 3 and its deficiency causes Keshan and Kaschin beck diseases in humans, which have been frequently reported in China. 4 It also plays a major role in the life cycle of plants (Cruciferae family) which absorb organoselenium compounds accumulated in the soils of semiarid areas, and may poison livestock that graze on them. Selenium enters into natural water through seepage from seleniferrous soil and industrial waste. Water drained from such soil may cause severe environmental pollution and wildlife toxicity.
2 Selenium is also reported to be present in cigarette paper, tobacco, 5 and various cosmetic samples. 6 Because of its significance, several analytical techniques have been reported concerning the determination of selenium. [7] [8] [9] [10] Many spectrophotometric methods for the determination of selenium have been reported with some chromogenic reagents, such as 3,3-diaminobenzidine, 11 dithiozone, 12 8-hydroxyquinoline, 13 chromotropic acid, 14 J-acid, 15 1-naphthylamine-7-sulfonic acid 16 and Leuco Crystal Violet. 17 Of these reagents, some have been reported to be carcinogenic, while few others are less selective; the latter reagent system required heating and 25 min for full color development. There is thus a need to develop an entirely new method, which would overcome the existing inadequacies in the determination of trace amounts of selenium.
In the present investigation, a facile, sensitive and selective method has been reported for the determination of selenium with a new reagent Variamine Blue (VB), based on the liberation of iodine by the reaction of selenium with potassium iodide in an acidic medium and a subsequent oxidation of VB by the liberated iodine to form a violet-colored species. The developed method has been successfully employed for the determination of selenium in water, soil, plant materials, human hair, cosmetic and pharmaceutical preparations.
Experimental

Apparatus
Jasco (Model UVIDEC-610) and Elico (Model CL-27) spectrophotometers with 1 cm matched quartz cells were used for all absorbance measurements.
Reagents
All of the chemicals used were of analytical-reagent grade, and distilled water was used throughout the study.
Standard selenium(IV) solution (1 mg/ml).
Prepared by dissolving 0.219 g of Na2SeO3 in 100 ml water. A working standard solution was prepared by a suitable dilution of the standard solution. Variamine Blue (VB), (0.05%). Prepared by dissolving 50 mg of Variamine Blue (E. Merck, Germany) in 25 ml methanol and made up to 100 ml with distilled water, and stored in an amber bottle. Others. The following reagents were prepared by dissolving appropriate amounts of the reagent in distilled water: potassium iodide (2%), hydrochloric acid (2 M), sodium acetate trihydrate (1 M), EDTA (0.2 M and 5%), sulfuric acid (0.5 M), sodium hydroxide (1 M and 10%).
Procedures
General procedure for the determination of selenium(IV)
An aliquot of a sample solution containing 2 to 20 µg of selenium was transferred into a series of 10 ml calibrated flasks. A volume of 1 ml of 2% potassium iodide, followed by 1 ml of 2 M HCl, were added to it. The mixture was gently shaken until the appearance of yellow color, indicating the liberation of iodine. Then, 0.5 ml of 0.05% VB was added to it, followed by the addition of 2 ml of a 1 M sodium acetate solution. The contents were diluted to the mark with distilled water and mixed well. The absorbance of the colored species was measured at 546 nm against the corresponding reagent blank.
Procedure for the determination of selenium in water
An aliquot (≤ 4 ml) of water sample containing not more than 20 µg of selenium was treated with 0.5 ml of 1 M NaOH and 0.5 ml of 0.2 M EDTA. The solution was mixed and centrifuged to remove any formed precipitate. The centrifugate was transferred to a 10 ml calibrated flask, and its selenium content was determined directly according to the general procedure for the determination of selenium(IV).
Procedure for the determination of selenium in soil
A known weight of a soil sludge sample was placed in a 50 ml beaker and extracted 4 times with a 5 ml portion of conc. HCl. The extract was boiled for 10 min to convert any Se(VI) present in the soil to Se(IV), 19 cooled and neutralized (pH ~7) with 10% NaOH. A volume of 5 ml of 5% EDTA was added, and the contents were made up to 25 ml with water. For selenium determination, an aliquot (≤ 4 ml) of made up solution was directly used for color development by following the general procedure.
Procedure for the determination of selenium in plant material
A sample of plant material (5 g) was digested with 10 ml of HNO3 for 20 min. After cooling, 0.5 ml of perchloric acid was added and heating was continued for another 10 min. To the cooled residue, 10 ml of water and 5 ml of HCl were added and boiled for 10 min to convert Se(VI) to Se(IV). The solution was neutralized (pH ~7) with 10% NaOH and diluted to 50 ml after adding 5 ml of 5% EDTA. An aliquot of this solution (3 ml) was analyzed for selenium according to the general procedure.
Procedure for the determination of selenium in human hair
A known amount of human hair sample was digested with a 10 ml mixture of HCl and HNO3 (3:2, v/v) for 10 min. The solution was cooled and neutralized (pH ~7) with 10% NaOH and analyzed for selenium content according to the general procedure.
Procedure for the determination of selenium in cosmetic sample
A known weight of a cosmetic sample (lipstick) was dissolved in alcohol to extract any organic material. The residue was gently heated with concentrated nitric acid (10 ml) for 10 min, and the contents were cooled and boiled with 10 ml of HCl for 10 min to convert Se(VI) to Se(IV). The sample residue was cooled, leached with 5 ml of 0.5 M H2SO4, and then neutralized (pH ~7) with 10% NaOH and diluted to a known volume (50 ml) with water. An aliquot of the made-up solution was analyzed by the above procedure for selenium.
Procedure for the determination of selenium in pharmaceutical preparations
Samples of finely ground multivitamin multimineral tablets containing selenium(IV) were treated with 5 ml nitric acid; the mixture was evaporated to dryness. The residue was leached with 5 ml of 0.5 M H2SO4. After the solution was neutralized (pH ~7) with 10% NaOH, 5 ml of 5% EDTA was added. The mixture was centrifuged to remove any formed precipitate. The centrifugate was diluted to a known volume with water. A suitable aliquot (3 ml) of the sample solution was analyzed according to the general procedure for selenium(IV).
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Results and Discussion
This method involves the liberation of iodine by the reaction of selenium with potassium iodide in an acidic medium. The liberated iodine selectively oxidizes Variamine Blue in the presence of sodium acetate to form a violet-colored species, which shows a maximum absorbance at 546 nm. The reagent blank had negligible absorbance at this wavelength. The absorption spectra of the colored species are presented in Fig. 1 , and the reaction system is represented in Scheme 1.
Effects of the iodide concentration and acidity
The oxidation of iodide to iodine by selenium was effective in the pH range 1.0 -1.5, which could be maintained by adding 1 ml of 2 M HCl in a final volume of 10 ml. The liberation of iodine from potassium iodide in an acidic medium was quantitative. The appearance of yellow color indicates the liberation of iodine. Any excess of iodide in the solution will not interfere. However, the concentration of hydrochloric acid should be maintained in the 0.15 -0.25 M range. It was found that 1 ml each of 2% KI and 2 M HCl was sufficient for the liberation of iodine from iodide by selenium and subsequent oxidation of Variamine Blue for full color development.
Effect of the reagent concentration
Constant and maximum absorbance values were obtained in the pH range 4.0 -5.0. This could be achieved by the addition of 2 ml of a 1 M sodium acetate solution in a total volume of 10 ml. An increase in the pH above 5 affected the stability of the colored species, whereas color development did not take place below pH 4. The optimum concentration of VB leading to maximum color stability was found to be 0.5 ml of 0.05% reagent per 10 ml of the reaction mixture. A 2 ml portion of a 1 M sodium acetate solution was found to be sufficient for complete and maximum color development. The maximum absorbance was obtained instantaneously and required no heating under the reaction conditions. Under the optimum reaction conditions, the color system was stable for a period of 45 min. Sodium hydroxide was employed for the development of color instead of sodium acetate, but did not give satisfactory results.
Analytical data
A linear calibration graph was obtained for 2 to 20 µg of selenium in a final volume of 10 ml. The detection limit (DL = 3.3σ/S) and quantitation limit (QL = 10σ/S) [where σ is the standard deviation of reagent blank (n = 5) and S the slope of the calibration curve] of selenium determination was found to be 0.03 and 0.095 µg/ml, respectively. The calibration graph has a correlation coefficient of 0.999. The molar absorptivity (ε), specific absorptivity (a) and Sandell's sensitivity (s) of the color system were found to be 2.6 × 10 4 l mol -1 cm -1 , 0.33 ml g -1 cm -1 and 0.003 µg cm -2 , respectively. The reproducibility of the method was established by an analysis of standard solutions of 4, 6, and 10 µg of selenium in a final volume of 10 ml. Five replicate determinations of each concentration gave relative standard deviations of 2.5, 2.0 and 1.7%, respectively.
Effect of interfering ions
The effect of various ions at ppm levels on the determination of selenium was examined. The tolerance limits of the interfering species were established at those concentrations, which caused no more than 2.0% changes in the absorbance value during the determination of a fixed amount of selenium (1 ppm). The tolerance limits of the foreign ions are given in Table 1 . In this reaction system, various oxidants such as CrO4 2-, Fe 3+ , Ce 4+ , IO3 2-and some reductants interfered. However, some of these ions could be masked by the addition of an appropriate amount of EDTA solution.
Application
The developed method was applied to the quantitative determination of traces of selenium in real matrices such as water, soil, plant materials, human hair, and in synthetic samples viz., cosmetic and pharmaceutical preparations. The 1311 ANALYTICAL SCIENCES NOVEMBER 2001, VOL. 17 results of an analysis of the above samples (Tables 2 and 3) compare favorably with those from a reference method. 11 A statistical analysis of the results by F and t-tests showed no significant difference in accuracy and precision between the proposed and reference methods. The precision of the proposed method was evaluated by a replicate analysis of samples containing selenium in different concentrations. The low values of the RSD in different levels reflect the high precision of the proposed method.
Conclusion
For the first time, Variamine Blue has been used as a chromogenic reagent for the spectrophotometric determination of selenium. The proposed method, which is simple and rapid, offers the advantages of sensitivity and a wide range of determinations without the need for extraction or heating. The method does not involve any stringent reaction conditions and can be compared favorably with other methods. [11] [12] [13] [14] [15] [16] The proposed method has been successfully applied to the determination of traces of selenium in real matrices as well as in synthetic samples. 
